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Introduction
Limbic encephalitis (LE) is clinically characterized by the subacute onset of disorientation, psychiatric symptoms, and impairment of short-term memory. Various conditions have been suggested to be associated with LE. Two recent reports have described the features of the non-paraneoplastic type of LE associated with voltage-gated potassium channel antibodies (VGKC-Ab).
1,2 Here we describe a case of paraneoplastic VGKC-Ab-associated LE in a patient with invasive thymoma. This is the first reported Japanese case.
Case report
A 59-year-old right-handed retired local government official was referred to our hospital with a three-day history of memory impairment. At the age of 56 years, invasive thymoma had been diagnosed and was treated with transsternal extended thymectomy and postoperative radiation therapy. At the age of 57 years, herpes zoster affected the right upper limb. The patient also suffered from post-herpetic neuralgia and was under treatment with carbamazepine. She was also taking antidiabetic and antihypertensive medications. She was a non-smoker and had no history of alcohol intake.
On admission, the vital signs were normal. Her short-term memory was impaired. Over the next 10 days, there was improvement of her memory and MMSE (to 27/30). At discharge, three weeks after the onset, repeat MRI showed attenuation of the bilateral medial temporal lobe signal changes, especially on the right side.
Hyper-intensity of the superficial cortical layers was visible on T1-weighted images. An
Immunosuppression therapy was advised but refused by the patient and her family.
Six months later, her memory began to decline again and memory impairment was gradually progressive. Ten months after the onset of her illness, repeat chest CT demonstrated the recurrence of invasive thymoma. At that time, the MMSE score was 23/30. On brain MRI, the lesions in the temporal lobes were smaller, but those in the frontobasal lobes were larger, and profound hippocampal atrophy was shown (Fig. 2 ).
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She consented to receive chemotherapy for thymoma and was referred to the department of respiratory disease. She was treated by combination of carboplatin and etoposide.
Two months after the recurrence, her mental state partial improved with diminishment of thymoma. Retrospective analysis of serum samples obtained at three times (onset, remission, and recurrence) showed high titers of VGKC antibodies by radioimmunoassay using whole rabbit brain homogenate, as described previously. 6 The VGKC antibody titer was 403 pM at onset, 373 pM at remission, 917 pM at recurrence, and 649 pM after chemotherapy (normal range<100).
Discussion
The most prominent clinical feature in this patient was cognitive dysfunction that caused anterograde amnesia with a remitting and relapsing course. Her signs and symptoms, as well as the MRI findings, were typical of limbic encephalitis. The interesting finding in our patient was the existence of VGKC-Ab, which showed a temporal relationship with her LE symptoms and with the recurrence of thymoma.
Recently, a new type of LE associated with VGKC-Ab has been proposed. intensity lesions on MRI, involving the right insular cortex, both frontobasal cortices and cingulate gyrus. Unlike many of the non-paraneoplastic VGKC-Ab-associated LE cases, the serum sodium was normal, and the patient did not develop seizures, which may be relevance. The titer of the VGKC antibodies of this case was not extremely high, starting at around 400 pM, and becoming 900 pM at recurrence of the tumor. Levels around 400 pM may be more common in cases associated with tumors than in the non-paraneoplastic forms. 4 When VGKC-Ab are detected in patients with paraneoplastic neurological syndromes other than LE, thymoma is found in the majority of cases. 3, 4,7-9 VGKC-Ab are also found in 13% of thymoma patients without neurological disorders. 4 It is thought that the following two disorders are often related to VGKC-Ab and can coexist with thymoma. One condition is acquired peripheral nerve hyperexcitability (APNH), including neuromyotonia, cramp-fasciculation syndrome, and Isaac's syndrome. 9 The other is Morvan's syndrome, a rare condition that features acquired neuromyotonia, autonomic disturbance, hypersecretion, and cognitive impairment. 
